Using prospectively collected data from 13 971 births enrolled in a large population-based cohort study (Avon Longitudinal Study of Parents and Children: ALSPAC), the prevalence of feeding difficulties at 4 weeks and 6 months of age in 33 children subsequently diagnosed with cerebral palsy (CP) were investigated. It was also assessed whether early feeding difficulties could be predictive of functional and growth outcomes at age 8 years. Weak sucking at 4 weeks of age was reported in 11 of 23 children with CP and in 2206 of 12 299 (18%) of the remaining population (p<0.0001), and great difficulties feeding at 6 months of age was reported in two of 21 (10%) of the group with CP and in 373 of 10 941 (3.3%) of control participants (p=0.017). Feeding difficulties at 4 weeks of age were associated with the pattern of functional impairment at age 4 years (p=0.009) and at 8 years (p=0.068), being clinically underweight (p=0.01), and having speech and swallowing difficulties (p=0.005) at 8 years of age. Early, persistent, and severe feeding difficulties are a marker for subsequent poor growth, feeding, and developmental outcomes and can identify children with CP who will benefit from gastrostomy feeding.
Feeding problems are common in all age groups of children with cerebral palsy (CP). Previous studies (Shapiro et al. 1986 , Boyle 1991 , Reilly et al. 1996 have reported a prevalence of feeding problems in the first year of life of between 38% and 57%, using retrospectively collected data, on children followed-up once CP had been diagnosed. In a significant number of children, these feeding difficulties preceded the diagnosis. Most research has reported on case series identified from child development centres and special interest clinics and, therefore, may suffer from ascertainment bias.
Feeding skills emerge in a predictable sequence in normally developing children, and the progression of these skills is usually associated with the sequential attainment of motor, language, and social milestones (Bartz and Deubler 1990) . Feeding is a complex task requiring significant neuromuscular coordination, and integration of motor and sensory pathways. Neuromotor and neurosensory dysfunction affecting the oropharynx and oesophagus is likely to be behind the early feeding difficulties in children who will subsequently be diagnosed with CP (Shapiro et al. 1986 ).
There is little population-based data on the prevalence of feeding problems in the normally developing population, and there is a paucity of prospectively collected data on infant feeding difficulties in CP. The relation of early feeding problems in CP with subsequent growth and neurodevelopmental outcomes appears not to have been studied before.
The aims of this study were to: (1) identify and characterize a representative CP cohort, derived from a longitudinal population-based study; (2) determine the frequency of feeding problems in the normally developing population and the CP cohort; (3) determine whether feeding problems at 4 weeks of age were predictive of a subsequent diagnosis of CP; and (4) explore the relation in children with CP between infant feeding problems and weight, and neurodevelopmental outcomes at 4 and 8 years of age Method All births to women resident in the former Avon Health Authority area, with an expected date of delivery between 1 April 1991 and 31 December 1992 were eligible for enrolment in the Avon Longitudinal Study of Parents and Children (ALSPAC), a population-based study investigating environmental and genetic influences on the health and development of children (see ALSPAC website: www.ich.bristol.ac.uk). Over 80% of the known births from the geographically defined catchment area were included, resulting in a total cohort of 13 971 surviving children. This study population has social and demographic characteristics in common with national census surveys (Golding 1996) .
From this birth cohort, every effort was made to ensure total case ascertainment at 4 to 5 years of age of children diagnosed with CP, using the following sources: (1) the ALSPAC self-completion questionnaires in which the parent documented any diagnoses made on their children; (2) child health records (using ICD coding for CP; World Health Organization 1989); (3) the local hospital patient administration system (PAS; using ICD codings for CP for hospital admissions); (4) a formal inquiry to each of the consultant paediatricians responsible for the child development centres located within the study area, to identify children with a possible diagnosis of CP and with birth dates eligible for this study.
This initial search produced a short list of 51 individuals, from a birth cohort of 13 971 live births arising from a total population of 1 million. The diagnoses were reviewed in 1996, when the children were approximately 4 years of age, by a consultant paediatrician who examined each child (and in a small minority of cases where this was not possible, the medical records were examined). The CP study group was then classified using the Standard Recording of Central Motor Deficit form (Evans et al. 1989) , with information recorded on the pattern of CP, the functional motor impairment, any oromotor dysfunction, and communication impairment.
At 7 to 8 years of age (school age), a questionnaire was completed on these children by the school doctor (in a small number of cases the school nurse), together with a review of the medical records. The established pattern of CP, the extent of the oromotor dysfunction (swallowing difficulties, texture and method of feeding, speech impairment, control of saliva), and the weight of each child were recorded.
Weight records of each child with CP were examined to determine whether there was significant faltering of growth. Small for gestational age (SGA) participants were defined as those having a birthweight, corrected for gestation, below the 10th centile using UK reference growth charts (Freeman et al. 1995) . At 9 and 18 months of age the weights recorded by health visitors at standardized developmental contacts were used, and at 7 to 8 years of age the weights used were those documented at annual school health assessments. From these data the z-scores (weight standard deviation score) were derived, and a child was defined as being clinically underweight with a single weight z-score of ≤ -2.4 (equivalent to the 0.4 centile on the UK reference growth chart; Freeman et al. 1995) .
Parents documented feeding behaviours of the children using self-completion postal questionnaires sent out at the child's chronological (uncorrected) age. Parents were asked to complete the questionnaire even if their child was still in the special care baby unit. Questions on feeding behaviour were selected from several clinical and research questionnaires, and piloted on the Avon population before being used in the ALSPAC study. Parents were asked to rate on a scale of 1 to 5 whether their baby demonstrated specific feeding behaviours, which were named but not described in the questionnaire. No definitions were provided on what constituted a 'problem'. The responses used were those to specific questions on feeding contained in questionnaires completed at 4 weeks and 6 months of age, which would have preceded the diagnosis of CP in most of the cases. Analysis using χ 2 was performed to detect any differences in the proportions of those with CP and the remaining population, with Fisher's exact test used where appropriate. Analysis was performed using SPSS software (version 9.0). Ethical permission for the ALSPAC study was granted by the ethics committees of United Bristol Healthcare Trust, Frenchay and Southmead Healthcare Trusts, and the study is also monitored by the ALSPAC Ethics and Law Advisory Committee.
Results

CHARACTERISTICS OF CHILDREN DIAGNOSED WITH CP
Thirty-seven children with a diagnosis of CP were identified from a birth cohort of 13 971, giving a point prevalence at age 4 years of 2.6 per 1000. Three children moved away from the study area, and for these the outcome data are incomplete. One child died at the age of 5 years 6 months from respiratory complications. For outcome data, therefore, the study group comprises 33 individuals. Due to inconsistency in the number of questionnaires completed, the denominator varies for many of the outcomes. Table I outlines the characteristics of the CP group at birth. Over half of the children were born at term, with weights of over 2.5 kg, and 4 out of 37 of the group were SGA at birth. were found to be more frequent in the CP cohort compared with the remaining population (both p<0.001). Exhaustion and choking with feeding at 4 weeks were frequently reported in the CP study group, but were also reported by the rest of the population (Table II) .
Oromotor dysfunction was less frequently described in the CP group at 8 years of age, with improvements in swallowing (six of 33 reporting difficulties at 8 years of age, compared with 12 of 26 at 4 years), and there was a similar improvement in the control of saliva. The proportion of those who were underweight increased from eight of 33 at 4 years to 10 of 33 at age 8 years (Table III) . These trends were not statistically significant.
RELATION BETWEEN EARLY FEEDING DIFFICULTIES AND OUTCOME AT 4 AND 8 YEARS
There was an association between weak sucking and exhaustion with feeding at 4 weeks of age, and severe functional impairment of the upper limb and lower limb at 4 years of age. Nine of 10 children with CP reported to have weak sucking at 4 weeks of age were unable to walk at 4 years, compared with three of eight children who were reported to suck normally at 4 weeks of age (p=0.009). Of the 11 children with CP who were reported to experience exhaustion with feeding at 4 weeks, 10 were unable to assist with dressing and feeding at 4 years, compared with one of six of the participants with CP who were not reported to feel exhaustion with feeds (p=0.009).
The other feeding difficulties (choking and great difficulties feeding at 4 weeks, and poor sucking at 6 months) did not show a significant correlation with neurological impairment in the preschool age group.
At 8 years of age the diagnosis of four-limb CP was present in seven of 10 children whose parents had reported exhaustion with feeding at 4 weeks of age, compared with one of six children who were not reported to be exhausted by feeding at 4 weeks (p=0.068). There were no significant associations between the other 4-week feeding behaviours and the subsequent diagnosis of four-limb CP in school-age children. The children diagnosed with two-limb CP were less likely to have reported feeding difficulties at 4 weeks (p=0.05).
Five of the 11 children with CP who had persistent dribbling of saliva at the age of 8 years had been reported to show exhaustion with feeding at 4 weeks of age, compared with five of 21 children who did not have persistent dribbling (p=0.005). Of the nine children who still required food of modified texture at 8 years of age, five had been reported to show exhaustion with feeding at 4 weeks, compared with five of 23 who were able to take food of a normal texture (p=0.05). A trend was also observed between swallowing and speech impairment at the age of 8 years, and exhaustion with feeding at 4 weeks of age (p=0.068). There was no statistically significant association between the other difficult feeding behaviours at 4 weeks and the oromotor dysfunction at school age.
Five of 10 children who were underweight at 8 years of age were reported to have exhaustion with feeding at 4 weeks, compared with five of 22 who were not underweight (p=0.01). Of those with feeding problems at 6 months, three of four were underweight at 8 years, compared with one of four in those who did not have early feeding problems (p=0.013). Looking at the progression of the weight characteristics for the child with CP as they grow older, small size at birth was documented in four of 37 infants, at 4 years of age eight of 34 of the children were underweight, and by 8 years of age the proportion increased to 10 of 33 children. Of the 10 children who were underweight at 8 years, nine had a four-limb pattern of CP. Only one child (one of 33) was being fed via a gastrostomy.
Discussion
Feeding difficulties reported by parents in the first 4 weeks of life in a cohort of children diagnosed with CP have been shown to be associated with more severe neurodevelopmental impairments and increased likelihood of being underweight by school age in this study. The recognition that infant feeding difficulties may indicate a more severely affected child can help professionals both to highlight the children who may benefit from assessments and interventions, such as gastrostomies (demonstrated to be associated with improved longterm growth and quality of life outcomes in CP, e.g. Smith et al. 1999) , and also potentially to assist in counselling families regarding the long-term prognosis for their affected child.
The strengths of this study lie in the longitudinal, population-based data which give a clear picture of the prevalence of feeding difficulties, both in the general population and in a cohort of children with CP (in whom data collection was possible in a prospective and unbiased way). The main weakness intrinsic to the methodology was the lack of definition in the parental questionnaires of what constituted feeding difficulties, particularly 'choking' and 'exhaustion'. We had expected feeding problems at 4 weeks of age to be commonly reported in those with CP, but we had not anticipated the frequency of difficult feeding behaviours described by parents with young infants in the rest of the population. The reasons why so many parents reported difficult feeding patterns at this age are numerous, with a complex interrelation of maternal and infant factors, possibly, in new and sometimes underconfident mothers who may not have formed secure attachments with their young infants. The wide reporting of symptoms such as choking and exhaustion with feeding at this age, together with the relatively small study group with CP, meant that infant feeding difficulties by themselves had poor predictive value in identifying children who would subsequently be diagnosed with CP.
A second difficulty with the dataset is that a proportion of parents did not return all the questionnaires for a variety of reasons, perhaps in some cases due to anxiety created by the child's medical problems or delays in their developmental progression. With respect to the infants born at less than 32 weeks' gestation, seven of nine of these children were themselves the participants in a separate study (Avon Pre-term Infant Project Team 1998) , which was probably a source of confusion to some families. These factors have resulted in considerable variability in the availability of questionnaire data for some of the outcomes. The assessment of feeding abilities in infants of 4 weeks of chronological age may seem early for this CP group, among whom almost half were delivered preterm. However, we were limited by the timing of the questionnaires distributed in the ALSPAC study, which in the first 6 months of life were at 4 weeks and 6 months of age only. Prematurity itself was a significant confounding variable for feeding difficulties both in the group with CP and in the rest of the population, as we have reported elsewhere (Motion et al. 2001) In clinical practice, professionals traditionally pay attention to the reporting of weak sucking and choking with feeding in infants suspected of having problems with either growth or development. In this study, however, we have found that these symptoms were too frequently reported by parents to be useful, and that exhaustion with feeding at 4 weeks of age, and great difficulties feeding at age 6 months were the two most useful symptoms for identifying the severely affected child with CP: these factors were significantly associated with fourlimb CP, severe oromotor dysfunction, and being underweight at school age. The persistence and the severity of the feeding symptoms seem to be the most important predictive factors. A detailed feeding history in early infancy can thus be helpful in identifying children who are likely to have relatively poor outcome at school age.
Other authors have described the assessment and management of oromotor dysfunction in the child with CP (Gisel and Patrick 1988 , Boyle 1991 , Reilly and Skuse 1992 , Wolke and Skuse 1992 and our study clearly highlights the persistence of this problem in the school-aged child with four-limb CP. A significant proportion of the CP cohort with severe oromotor difficulties were underweight at their school health assessments, and these observations confirm the prevalence of relative undernutrition in this type of CP. In fact, although the numbers of cases were small, there appeared to be less oromotor dysfunction at 8 years compared with 4 years of age, while there was an increase in the proportion of older children who were underweight. The possible explanations for this are either that feeding problems at 8 years were being overlooked, or because of an increase in metabolic demands at 8 years due to increased energy consumption. However, whether due to poor calorie intake or increasing energy expenditure, or a combination of the two, it is clear that the nutritional needs of this group of children with CP had not been adequately met: one obvious implication of this finding is that we may not be using enough gastrostomies for feeding. Although there is a growing body of evidence regarding the benefits of gastrostomies on outcomes in CP such as weight and family dynamics (Eltuni and Sullivan 1997) , professionals and families continue to be reluctant to use this feeding method to prevent undernutrition. We anticipate that weight outcomes could be improved by the earlier use of gastrostomy feeding, particularly in the child with four-limb CP with early and continuing feeding difficulties. Conversely, we can also conclude that a diagnosis of two-limb CP is likely to be associated with normal growth and oromotor function in the majority of cases, and gastrostomy insertion would not be indicated for this group.
In conclusion, we have identified that feeding problems in infants at 4 weeks of age are commonly reported by parents of children who will subsequently be diagnosed with CP. However, these are also frequently reported by the rest of the population. Exhaustion with feeding at age 4 weeks and persisting feeding difficulties at 6 months are associated with more severe neurodevelopmental and growth impairments in school age children with CP. Assessing these difficult feeding behaviours may help to identify a group of children who may benefit from early assessments, monitoring, and interventions including gastrostomy insertion.
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